Abstract A series of mixed iron and titanium oxide coprecipitates ranging in composition between 0 < Ti/Ti + Fe < 1 was synthesized and aged under varying conditions of pH, temperature and time in order to establish a working model for pedogenic titanium and titano-ferric oxides. X-ray powder diffraction (XRD), selective chemical dissolution, magnetic susceptibility, charge distribution and electron optical data indicate that the freshly prepared Fe-Ti oxides consist of an Fe-rich (Ti-ferrihydrite) phase (Ti/Ti + Fe ~< 0.70) having pH-dependent positive charge and a Ti-rich phase (Ti/Ti + Fe >~ 0.7) with permanent and pH dependent negative charge.
INTRODUCTION
Regardless of parent material, titanium is invariably detected in soils. Titaniferous oxides generally are considered as inert materials in soil development and this has often been used to establish the degree of depositional uniformity in soils. However, several workers (Sherman, 1952; Sudom and St. Arnaud, 1971; Fitzpatrick and le Roux, 1976) have suggested that Ti may be mobilized in all fractions during soil weathering. Recently Bain (1976) observed high amounts of X-ray amorphous and cryptocrystalline TiOz in a peaty podzol. Further work is needed in characterizing the mobile, amorphous and poorly crystalline fractions of Ti in soils.
In recent studies dealing with titanium in soils and clays much emphasis has been placed on the fact that Ti is commonly combined with Fe. Selective dissolution studies by Sayin and Jackson (1975) indicate that anatase in Georgia kaolinite contains small amounts of Fe. Weaver (1976) using electron probe techniques, supported this view. Moreover, several forms of secondary crystalline iron oxides containing structurally incorporated Ti (e.g. titanomaghemite, titanohematite, pseudobrookite and pseudorutile) have been detected in soils (e.g. Katsura et al., 1962; Walker et al., 1969; Fitzpatrick and le Roux, 1976) . Their formation is thought to result mainly from the topotactic oxidation of primary minerals (e.g. titanomagnetite or ilmenite) and not to any great extent by coprecipitation and crystallization of Fe and Ti in the weathering solution. Divergent views exist on the exact nature and genesis of these alteration products, particularly ilmenite (Palmer, 1909; Overholt et al., 1950; Bailey et al., 1956; Lynd, 1960; Bykov, 1964; Temple, 1966; Grey and Reid, 1975) . However, there is broad agreement that in nature a distinct intermediate titaniferous product referred to as pseudorutile (Fe~Ti3Og--previously called arizonite) is involved in the alteration of ilmenite (Grey and Reid, 1975) . The difficulty in synthesizing pseudorutile free of other Fe and Ti minerals (e.g. hematite and ilmenite) which coincide with some of its XRD lines, together with its poorly crystalline nature, have been major problems in characterizing this intermediate alteration product (Lynd, 1960; Karkhanavala and Momin, 1959; Grey and Reid, 1975) . Little information is available on pedogeochemical conditions under which Fe and Ti may coprecipitate and crystallize from the weathering 190 Fitzpatrick, le Roux and Schwertmann Clays and Clay Minerals solution to form these mixed "alteration" products. Furthermore, it is not yet known what effect Ti and Fe have on the formation of iron (e.g. goethite and hematite) and titanium (e.g. anatase and rutile) oxides, respectively, at ordinary pressures and temperatures.
Numerous synthesis studies have been undertaken at high temperatures and pressures to determine the stability fields of TiOz polymorphs and Fe-Ti minerals (Buddington and Linsley, 1964) during magmatic oxidation (i.e. in chemical petrology). Karkhanavala and Momin (1959) hydrothermMly crystalized small amounts of pseudorutile at 300~ and 1200 psi and concluded that it was "not the product of atmospheric oxidation." These results are considered to be of little value in determining the conditions and type of Fe-Ti phase which will form during the alteration of titaniferous primary minerals under earth surface conditions.
Except for the work of Weiser and Milligan (1934) on pure Ti systems, little work has been done on the precipitation and crystal growth in Ti (IV) solutions undergoing hydrolysis, particularly in the presence of other metals. Several synthetic studies have been carried out on mixed Fe-A1 (e.g. Gastuche et al., 1964) and Fe-Si (e.g. Herbillon and Tran Vinh An, 1969 ) systems in vitro.
The objective of this paper is to study a series of synthetic Ti and Fe-Ti oxidesw aged under different conditions, in order to obtain a better understanding of possible Fe/Ti products and to examine their presence in soils.
EXPERIMENTAL

Synthetic Fe-Ti oxides
Chloride contamination was avoided by employing a titanyl nitrate solution, prepared as follows: a fresh Ti oxide precipitate was obtained by adding a 10% ammonia solution to 0.5 M TIC14 (Merck, AR) until the pH of the solution was in the range 5-6. The resulting dense white precipitate was centrifuged-washed five times with deionized water and then dissolved in 5 N HNO3. A fresh Ti oxide gel was once again precipitated with NH3 solution, centrifuge-washed with deionized water until a negative chloride test (AgNO3) was obtained, redissolved in 5 N HNO3, and diluted to a concentration of 4.79 g Ti/1.
The synthetic fresh titanium oxide (free of chloride) was finally prepared by the addition of a 10% NH3 solution to the titanyl nitrate solution until the pH was in the range 5-6. The white precipitate was centrifugewashed thoroughly with deionized water and either freeze-dried immediately or aged in polyethylene bottles as follows: (l) at room temperature (~25~ for 30 and 70 days, (2) at 70~ for 70 days, both at pH 5.5 and 12.0.
w The term oxides in this paper includes all compounds in the system TiO~. H20 and Fe2On" H20 respectively.
The synthetic flesh ferrihydrite (formerly called amorphous ferric hydroxide) was prepared by the addition of a 10% NH3 solution to 0.1 M Fe (NO)3 solution (Merck, AR) until the pH ranged between 5 and 6. Nine mixed Ti(IV)-Fe(III) coprecipitates of compositions 5, 10, 20, 30, 50, 70, 80, 90 and 95 mote % Ti/Ti + Fe, respectively, were prepared in exactly the same manner except that titanyl nitrate replaced iron in the initial solution in different proportions (for comparison several Fe-A1 and Fe-Zr coprecipitates were prepared in a similar way using nitrate salts). The fleshly precipitated oxides were centrifuge-washed with deionized water until dispersion and either freeze-dried immediately or aged in polyethylene bottles at room temperature or at 70~ for 70 days. The pH was adjusted to 5.5 by adding HNO3 or NH4OH every third day, and water added at intervals to compensate for evaporation. The samples were then washed free of excess salts and freeze-dried.
Fifty mg of sample was dissolved in concentrated HC1 to ascertain total Fe and Ti and duplicate samples were extracted (1) with l0 ml NHa-oxalate (pH 3) in the dark (Schwertmann, 1964) on an end-over-end shaker for 2 hr and then centrifuged; and (2) with one 15-min treatment with citrate-bicarbonate-dithionite (CBD) (Mehra and Jackson, 1960) . The extracts were analysed for Fe by atomic absorption and Ti by the Tiron method (tests for NH4-oxalate interference in Fe and Ti determinations were negative).
X-ray powder diffraction patterns were obtained from gently pressed specimens of random orientation using a Philips PW 1050/70 instrument fitted with a graphite monochromator, and CoKa radiation. Slow scan rates ( 88176 Magnetic susceptibility was measured by the Gouy method using mercury (II) cobaltitetrathiocyanate HgCo(CNS)4 as a calibration standard at 25~ and 2000 gauss.
Charge distribution of the oxides was determined by equilibrating 100-300-mg samples overnight with l0 ml 0.75 N KC1 (pH adjusted to 5 or 10 with HC1 or KOH) followed by a further two centrifuge washings. The suspensions were then centrifuge-washed five times with 10 ml of 0.05 N KCI adjusted to the appropriate pH. The pH of the final washing was measured, and the tube plus contents weighed immediately after decantation. Suspensions were then centrifuge-washed five times with l0 ml 0.22 N (NH4)2SO4. Potassium and C1 were analyzed in the combined extracts, made up to 50 ml with 0.22 N (NH4)2SO4 by flame emission and with an Aminco-Cotlove chloride titrator, respectively. Negative and positive charges were calculated after correction for occluded salt.
Clay analysis
Twelve soils from a climatotoposequence in Natal were selected for study (Table 1) . Samples of the clay 
RESULTS AND DISCUSSION
Comparison of synthetic and natural Ti oxides
The freshly prepared titanium oxide obtained by precipitating titanyl nitrate (chloride flee) with NH3, was found to be amorphous to X-rays ( Freshly precipitated Ti and coprecipitated Fe-Ti oxides, • same but aged at room temperature for 10 days; Z~ same but aged at room temperature for 20 days; 9 same but aged at room temperature for 30 days; 9 same but aged at 7&C and pH 5.5 for 70 days. Numbers refer to % Ti/Ti + Fe.
using the Scherrer formula.I] The crystallinity of the anatase improves after aging for 70 days at room temperature (Figure l j). This observation is in general agreement with the results obtained by Weiser and Milligan (1934) after 210 days of aging. We have some evidence that traces of C1 delay the transformation of amorphous Ti-oxide to anatase and this may be the reason for the slower rate of anatase crystallization they observed.
It is difficult to accurately locate the anatase peaks at low levels of crystallinity (Figures lh and i, WHH > 2.0~ or MCD < 50 A). The rate and degree of anatase crystallization increased greatly when the amorphous oxide was aged at 70~ for 70 days ( Figure 11 ).
Thus, having demonstrated that X-ray amorphous Ti and anatase with varying MCD could be prepared, these polymorphs were used to monitor and test NH4-oxalate (pH 3) and 1 N HCI as extraction reagents for obtaining a measure of the degree of crystallinity. The fresh, X-ray amorphous oxide ( the HCl-dissolved Ti seemed to hydrolyze extremely rapidly (in some cases after standing for only 5 hr). Both these compounds are soluble in HzTiFn which agrees with previous work (Dolcator et al., 1970; Sayin and Jackson, 1975) . Therefore, acid NH4-oxalate is the more selective extractant for X-ray amorphous TiO2 and microcrystalline anatase. Based on these findings for synthetic materials, this reagent was used to extract selectively similar material from a wide range of soil clays. The results together with Fea # and Tit are given in Table 1 . The ratio Tio/Tit was used because previous work on Transvaal highly weathered soils, (Fitzpatrick and le Roux, 1976 ) using HzTiF6, indicated that only minor amounts of Ti are associated with kaolinite. The peaty podzol gave the highest Tio and Ti0/Tit. Moreover, the total Ti was only partly oxalate soluble, which probably indicates that it is microcrystalline, as suggested by Bain (1976) . From the data in Figure 2 the MCD of the anatase in the peaty podzol appears to be about 25 .~. All the Ti in this soil clay was extracted by H2TiF6.
The Southwold soils (formed under an afro-alpine climate) also have relatively high oxalate soluble Ti values (Table 1 ). In contrast, most of the other test soils gave low Ti0/Tit and FedFea values, which suggest that both the Ti and Fe oxides are crystalline. This was verified by detecting anatase (and goethite) by XRD in these samples after removing the dominant kaolinitic material with 5 N NaOH digestion (Norrish and Taylor, 1961) . According to Sayin and Jackson (1976) NaOH treatment may dissolve or etch finer anatase particles. Since 5 N NaOH pretreatment is used to concentrate the Fe-oxides in sesquioxidic clays, with high amounts of kaolinite and gibbsite, prior to XRD the effect of this pretreatment on poorly crystalline synthetic anatase was tested. The XRD patterns before and after alkali treatment remained essentially the same (Figures lj and  k) and no Ti was detected in the NaOH extract.
There is a significant linear correlation (r = 0.61;p = 0.02) between Tio/Tit and Feo/Fea (Table 1) suggest-ing that Ti follows a similar pattern to Fe in the crystallization process in soils. It is further evident that soils of cooler regions have high Fe0/Fea and Tio/Tit. These observations suggest that crystallization of pedogenic iron and titanium oxides are inhibited by cool temperature conditions and possibly also by interference of organic matter (Schwertmann, 1966) and/or coprecipiration of Fe and Ti.
Freshly prepared Fe-Ti oxides
The colors of fresh and aged mixed Fe--Ti oxides ranging in composition from 0 < Ti/Ti + Fe < 1 are given in Table 2 , and range from brown to pale yellow to white with decreasing Fe content. Compared with these coprecipitates, physically mixing the two freshly precipitated end members resulted in more reddish-pinkish hues suggesting that the coprecipitates are not merely physical mixtures of Ti and Fe but possibly chemical combinations of Ti and Fe. Aging of the freshly prepared oxides at pH 5.5 and 70~ also resulted in color changes ( Table 2 ).
The XRD data are shown in Figures la-h. The pure Fe precipitate (Figure la) gives a pattern with two broad bands corresponding to proto-ferrihydrite (Chukhrov et al., 1972) . The coprecipitates with 0 < Ti/Ti + Fe < 0.30 also resemble ferrihydrite (Figures lb and  c) . However, as the Ti/Ti + Fe ratio increases, the characteristic ferrihydrite pattern progressively weakens (and the two main lines gradually shift towards lower angles, suggesting Ti substitution) to give an essentially X-ray amorphous pattern with a very broad halo between 25 and 35~ (Figures le-h ). The net positive charge measured at pH 4.7-5.0 of the pure ferrihydrite and the "Ti-ferrihydrites" remained fairly constant up to a composition of Ti/Ti + Fe = 0.70 at which point a net negative charge was measured which continued to increase sharply (Figure 4) . A demixing of Fe or substitution of Fe in an amorphous-like titanium phase could account for both the apparent decrease in ferrihydrite (which has a high positive charge at pH 5) and the increase in net negative charge with increasing amounts of Ti. The formation of a separate negatively charged amorphous Ti-Fe phase and positively charged (pH 5) ferrihydrite phase could be analogous to that proposed for synthetic aluminosilicate (e.g. Cloos et al., 1969) .
Clays and Clay Minerals
The pure freshly prepared titanium member has a moderately high negative charge at pH 10 which decreases at pH 5 (Figure 4 ). This pH-dependent charge is attributed to dissociation of Ti-OH groups. The negative charge of the Ti-Fe phase could play an important role in controlling the Fe or Fe-Ti polymerization. The effect of negatively charged clay minerals in controlling A1 polymerization has been discussed by several researchers.
All freshly prepared oxides are completely soluble in oxalate (Ti0/Tit = I, Feo/Fet = I) which confirms the "poorly ordered" nature as shown by XRD patterns (Figures la to h) . Furthermore, this conforms with the data of Schwertmann and Fischer (1973) for synthetic and natural ferrihydrites.
In agreement with results of Prasad and Ghildyal (1975) ferrihydrite has a high magnetic susceptibility ( Figure 6 ) which is probably due to the low degree of order resulting from weak bonding [e.g. exposed Fe (III) polymers]. There is a steady decrease in magnetic susceptibility with increasing Ti content ( Figure 6 ). The titanium which is diamagnetic, simply acts as a diluent in the freshly prepared coprecipitates as far as the magnetic susceptibility is concerned.
Titano-ferric oxides aged at room temperature
In the composition range 0 < Ti/Ti + Fe < 0.3 where ferrihydrite is present, the XRD pattern remained essentially unaltered after aging at room temperature for 70 days at pH 5.5, and the oxides were also oxalate soluble. However, at Ti/Ti + Fe ratios >0.70 anatase was detected (Figure 1 ). With decreasing Fe in the composition range of 0.30 < Ti/Ti + Fe ~< 0.70, the (101) line of anatase becomes sharper, and the product is progressively less oxalate soluble (Figure 2 ). This is probably due to decreasing interference of Fe in the Negative and positive charge variation with pH in relation to composition of titano-fenic oxides aged at ?0~ and pH 5.5 for 70 days. Vol. 26, No. 3, 1978 Amorphous and crystalline titanium in soil clays 195 Variation in specific magnetic susceptibility (X) with the composition of freshly prepared (0) and aged (70~ at pH 5.5 for 70 days) (x) titano-ferric oxides.
formation of the anatase. Thus, in the high Fe systems which are mainly ferrihydrite, crystallization proceeds slowly, while in the systems rich in Ti, crystallization takes place at a faster rate to form anatase.
The effect of aging at pH 12 and 70~ for 70 days
The coprecipitates in the composition range 0 < Ti/Ti + Fe < 0.30 aged at pH 12 and 70~ for 70 days, contained relatively high amounts of oxalate soluble Fe and Ti (i.e. amorphous Fe-Ti) while in the oxalate residues large goethite crystals were detected by XRD (WHH of the 111 line = 0.22~ and electron microscopy. These observations are in general agreement with previous oxalate extraction data for oxides prepared from FeCI3 and TiCI4 and aged at pH 12 and 60~ for 30 days (Fitzpatrick and le Roux, 1976) . Because of the increased aging time and temperature, employed in this study, the oxalate soluble values are slightly lower. The electron micrographs (Figure 7) show the large goethite crystals** coated or embedded in amorphous Fe-Ti oxide.
The effect of aging at pH 5.5 and 70~ for 70 days
The amounts of Fe and Ti removed by oxalate after aging the oxides at pH 5.5 and 70~ for 70 days were extremely low (Figure 8 ) and constituted less than 1% of the total Fe and Ti in the aged oxides (e.g. Fe0/Fet < 0.01; Ti0/Tit < 0.002). Furthermore, compared to the non-aged oxides there is a marked reduction in both ** Dr. W. J. McHardy (personal communication) has carried out microanalysis on these single goethite crystal~, after removing amorphous Fe-Ti with HCI, and found that Ti is incorporated in the goethite structure.
charges (Figures 4 and 5 ) and magnetic susceptibility ( Figure 6 ). These observations which indicate a marked degree of crystallization for the whole composition range (e.g. 0 < Ti/Ti + Fe < 1) are confirmed by the XRD results (Figures 1, 9 and 10) . Furthermore, aging at 70~ and pH 5.5 resulted in a slight increase in acidity probably as a result of the further hydrolysis.
Composition range 0 < Ti/Ti + Fe ~< 0.20. When the pure ferrihydrite was aged at 70~ and pH 5.5 for 70 days both goethite and hematite were detected by XRD (Figures 9a and 10 ) in agreement with previous work (Schellmann, 1959; Schwertmann, 1959) . However, on increasing the Ti/Ti + Fe ratio to 0.05, crystalline goethite is favored, with a slightly lower X-ray line broadening while hematite is inhibited (Figures 9  and 10 ). In contrast goethite rather than hematite was suppressed in the A1-Fe coprecipitates in the composition range 0.05 < A1/A1 + Fe < 0.30 when aged for 70 days at pH 5.5 and 70~ (see also . A possible explanation for this is that the AIferrihydrite structure might be less distorted than the Ti-ferrihydrite structure. On increasing the Ti/Ti + Fe ratio in the composition range 0.10 < Ti/Ti + Fe < 0.20 the goethite peaks become progressively weaker and broader until Ti finally inhibits goethite crystallization. Herbillon and Tran Vinh An (1969) found that SiO~ inhibited the crystallization of "amorphous Fe203" to hematite.
Only (Figure 9 ) which militates precise peak distinction and peak height measurement (hence the hatched area in Figure 9 ) has a pattern that resembles very closely natural Indonesian pseudorutile (Figure 91) . According to Grey?? and Reid (1975) pseudorutile has only a moderate degree of crystallinity and this is confirmed by the broad diffraction lines in Figure  9 and also by the relatively higher negative and positive charges ( Figure 5 ) observed for this composition range. Furthermore, the magnetic susceptibility values (Figure 6 ) correspond closely to that for Malayan ilmenite which had undergone marked alteration to pseudorutile or "arizonite" (i.e. <40 x 10 -6 c.g.s., Flinter, 1959) .
The success in synthesizing pseudorutile in vitro by ttAccording to Grey (personal communication) this sample contains traces of ruffle (Figure 91 ; for comparative purposes the XRD of all the samples in Figure 9 were run at the same intensity settings).
aging a Fe-Ti coprecipitate for 70 days at pH 5.5 and 70~ probably is due to the role of the aqueous solution creating favorable conditions for the rearrangement of the Ti and Fe atoms which essentially is precluded for reactions at higher temperatures and pressures in the dry state (e.g. Buddington and Linsley, 1964) and is only partially successful under hydrothermal conditions (Karkhanavala, 1959; Karkhanavala and Momin, 1959) . Under dry conditions and high temperatures (e.g. 1200~ transformations are mainly topotactic. With increasing titanium content the d-spacing shows a shift to higher angles (Table 3) the only phase detected by XRD (Figures 9 and 10 ). The relatively low Tio/Tit ratio (<0.01; Figure 8 ) confirmed the crystallinity of the anatase, while the low Fe0/Fet ratio suggests that the Fe is incorporated in the anatase structure since no other phase was detected. The WHH of the anatase (101) line increases until Fe (at approximately 30-50 mole% finally inhibits crystallization (Figures 9 and 10 ). Evidence for possible Fe replacement for Ti in the anatase structure was also obtained by heating the freshly prepared coprecipitates at 250~ for 10 days which once again resulted in smaller anatase crystals with increasing iron content as shown by the general increase in line broadening (Figure 10 ). Thus, although anatase and ferriferous anatase show similar XRD lines they differ in WHH on heating in air or aging in vitro and this is related to crystaIlite size. Anatase formed by aging amorphous TiO2 in vitro at 70~ and pH 5.5 for 70 days has less line broadening than anatase produced by dry heating at 250~ for 10 days (Figure 10 ). This suggests that the rearrangement of Ti atoms to form crystalline anatase and especially ferriferous anatase is apparently more effective in aqueous suspension than by dry heating even at high temperatures.
Coprecipitates of Zr and Ti and in the composition range 0.05 < Zr/Zr + Ti < 0.10 aged at 70~ and pH 5.5 for 70 days resulted in anatase with very broad but symmetrical (101) peaks with WHH 4.5~
Furthermore, a slight shift to smaller angles was observed, suggesting that Zr replaces (partly) Ti in the anatase structure. It has been suggested by Valeton (1972) that in bauxites Zr may replace Ti in the anatase structure.
CBD extracts very small amounts of the total Ti (Fea --0.90%) from the pure poorly crystalline anatase phase (e.g. Ti/Ti + Fe = 1 with a WHH of 4), whereas oxalate dissolves 30% of the total Ti (Figure 2 ). There is a fairly good relationship (Figure 2 ) between Ti0 and the MCD of anatase (101) below 50 ]k WHH > 2.0~ regardless of composition. This relationship does not hold for CBD-soluble Ti when Fe is present in the systern. Thus, a fairly crystalline anatase with a WHH of 2.8~ and a composition ofTi/Ti + Fe -0.80 has a Tio = 4.0% (Figure 2 ) and Tia = 2.1%. The relatively higher amounts of CBD-soluble Ti from the ferriferous anatase phase (regardless of crystallinity) is probably due to preferential removal of Fe from the anatase structure by Fe reduction.
CONCLUSIONS
Titanium may occur in certain soils without being sufficiently crystalline to be detected by XRD techniques. An estimate of these poorly crystalline forms of TiO2 can, however, be obtained by chemical extraction technique. Extraction of a series of synthetic Ti oxides with acid ammonium oxalate (2 hr in the dark) confirmed that oxalate selectively removes X-ray amorphous TiO2 and partly dissolves microcrystalline anatase with MCD < 50 ~ or WHH /> 2.0~ This
.el method is superior to other commonly used reagents (e.g. HCI or H~TiF~) and enables one to characterize more fully the nature and amounts of secondary titanium oxides ranging from X-ray amorphous TiO~ to poorly crystalline and crystalline anatase, and to relate these findings to soil development (e.g. in a soil-climate-top 9
The positive and negative charges of the freshly coprecipitated titan 9 oxides appear to be analogous to that proposed for synthetic amorphous aluminosilicates. Furthermore, it is suggested that the composition of the starting Fe-Ti oxide has a pronounced influence on the crystallization of the final product upon aging.
Coprecipitates of Fe and Ti aged at high pH (> 10) and 70~ were found to be present primarily as an amorphous phase adsorbed on large goethite crystals (with minor Ti isomorphous substitution). Aging at lower pH (5.5) and 70~ for 70 days, Fe and Ti combined to form crystalline phases (e.g. goethite, hematite, pseudorutile and anatase) depending on the Ti/Ti + Fe ratio. The transformation of freshly prepared oxides to crystalline products was monitored by XRD and showed corresponding decreases in solubility in oxalate, negative and positive charges, and magnetic susceptibility.
Pseudorutile can be successfully synthesized under aqueous conditions at pH 5.5. This suggests that it may form not only from the weathering or decomposition of primary Ti-containing oxides (e.g. ilmenite) but also from the more weatherable Ti-bearing silicates (e.g. sphene, hornblende or biotite) under earth surface conditions (e.g. in bauxites and Ti-rich beach sands). This would involve removal of Fe and Ti from the primary mineral followed by precipitation and crystallization of Fe-Ti oxides rather than by topotactic oxidation of primary Ti-oxides. Thus, Fe-Ti coprecipitates ranging in composition from 0 < Ti/Ti + Fe < l may be present in the immediate"microweathering zone" (e.g. cracks) of an ilmenite or sphene crystal. The composition of the weathering solution (Ti/Ti + Fe ratio) and hence the crystallization product will be dependent largely on the rate of removal of iron from the primary mineral which is controlled by the prevailing Eh-pH conditions. Under reducing conditions iron is rendered mobile in the ferrous state and is relatively more mobile than titanium. A certain amount of iron is required to form pseudorutile via solution and when the iron is removed by weathering, the titanium atoms rearrange to an anatase structure which may contain small amounts of Fe (<5%).
In the light of these results, an appreciation of synthetic Fe-Ti oxide mixtures, precipitated and aged under conditions comparable to natural environments, is critical in studies on the genesis of weathering processes and soil formation. The application of synthetic studies of this kind to studies of secondary Fe-Ti weathering products is suggested.
